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CHAPTER I
INTRODUCTION
The United States has engaged in trade of forest products from colonial times
(Haynes 1990). Timber was one of the first natural resources to be exploited and
exported from the continent. Long-term development of the forest sector was linked
undoubtedly with the development of forest product markets throughout the world.
Softwood log has exports begun when 11.2 million board feet of timber was blown and
downed during the Columbus Day storm in 1962 (Daniels, 2005). The relatively small
export market was viewed as an outlet for salvaged wood materials. It was then one of
the unique forest products traded throughout the 20th century, primarily to fulfill the
Japan’s demand for high-quality raw materials in the construction industry (Daniels,
2005). High demand for softwood logs in Japan and excess supply of salvaged logs in
Pacific Northwest (PNW) were the start of dominant trade flows of wood in the world
(Lane, 1998).
The majority of softwood logs exported from PNW were once destined for Japan.
It was after involvement of purchaser from South Korea in 1971 and China in 1980 that
Japan’s log export witnessed a decline (Daniels 2005). After China’s entry, log export
from PNW to Japan decreased only to rise again when export to China decreased rapidly
after peaking in 1988 (Daniels 2005). It was after 1990, that the world log market
declined following Japan’s trend (Daniels 2005). For many reasons Japanese firms
1

preferred to import unprocessed logs from PNW. Weakened profitability of the domestic
forest sector, Japan’s sawmilling capacity, rapid economic expansion after World War II
and preferences for wooden homes were among the top reasons (Darr et al. 1980, Flora et
al. 1993, Daniels 2005).
Exporting massive amount of PNW to Japan had led into debate about the impact
on domestic market (Daniels, 2005). Current restrictions are the results of massive export
of PNW logs. PNW log exports, which accounted for increased annual harvest from the
PNW forests, raised concern by domestic market stakeholders about the impact of these
log exports on the domestic market (Daniels, 2005). They believed that the increased
export would decrease the availability of roundwood and increase the price of timber in
domestic market. Depending upon the effect of foreign competition different stakeholders
like timber owners, domestic processors, consumers, and communities argued either for
or against log export restriction policies.
The high value raw materials from both in softwood and hardwood case, has led
into controversy. Public debate on the log exports policy focused on the PNW has the
similar cycle as high value products were exported to Japan. The argument that restricted
export would support domestic employment and reduce domestic raw material prices
helped opponent place a restriction in 1968, and a ban in 1973 on the exports of logs
harvested from federal lands west of 100th meridian (Haynes, 1990). Approved on
August 20, 1990, and effective from January 1, 1991, the Forest Resources Conservation
and Shortage Relief Act (FRCSRA) banned log export from all public land west of 1000
W longitude in lower 48 states (Lane, 1998). FRCSRA was the first federal attempt to
impose blanket restrictions on unprocessed timber harvested from federal and state lands
2

(Lane, 1998). Protection of the Strix occidentalis caurina (known as spotted owl) was one
of the influential public land issues in US history (Wear & Parks, 1994) which had
significant impact on roundwood exports from the PNW. The listing of spotted owl as
endangered species has significantly reduced the harvest in PNW. Following the ban
exports on forest products has shifted to secondary and tertiary wood products as the
value of processed products was significantly much larger than logs.
The forest sector has socio-economic and environmental importance. As a
consequence it has been the focus of legislative, structural and policy changes to ensure
sustainable forest management, increase value added exports and to diversify wood
product sector (Nanang, 2010). In the last two decades, forest rich countries especially
developing countries like Indonesia, Philippines, Nigeria etc. have implemented Log
Export Ban (LEB) policies (Resosudarmo & Yusuf, 2006). The debate is two-fold. Forest
managers believe that enacting an LEB policy will aid in the development of local forestbased industries with export orientation. Greater value-added and more opportunities for
jobs are expected to be created from local forest-based industries development
(Resosudarmo & Yusuf, 2006). The forest based industrial products are expected to rise
from countries currently exporting primary products. LEB is also considered as one of the
best policy for reducing timber exploitation based on the assumption that elimination of
log exports would reduce the amount of deforestation (Resosudarmo & Yusuf, 2006).
On the other hand, many studies have shown the perversity of LEBs; even they
agreed the induced development of local forest based industries. Many studies show that
LEBs in various countries decreased the country’s total export revenue from log and
processed wood industries (N. Kishor, Mani, & Constantino, 2004; PEREZ‐GARCIA,
3

Lippke, & Baker, 1997; Wiseman & Sedjo, 1981). Some even doubt that LEBs can
reduce deforestation and conclude that these bans can discourage the adoption of
sustainable practices in timber harvesting (Deacon, 1995). The increase in job
opportunities is not that significant compared to loss of revenue form forest based
industries and these new job opportunities diminish as the severity of environmental
problem increases.
To utilize the benefits from export sector and to sustain the export led forest
sector development, policy makers as well as domestic stakeholders should understand
the underlying determinants of export demand (Nanang, 2010). PNW exports have been
continuously affected by changing policies over time so the econometric studies to assess
the impact of such policies are necessary for future endeavors. Previous studies did not
incorporate factors affecting the demand for US roundwood exports. The income and
price elasticities associated with demand function, and the factor of their public policy
and forest sector implications are to be studies. This study uses both qualitative and
quantitative methods to determine the factors affecting this market and the
responsiveness of demand to these main factors.
The main objective of this study is to find the determinants of export of
roundwood from US Pacific Northwest, with particular attention to the impact of log
export restriction policies. Export demand is studied in three major categories. First is the
total export of roundwood from PNW which includes three major states: California,
Washington and state of California. Second the export demand for major species namely
Douglas fir and western hemlock and finally for two major destination, Japan and China
are predicted. The selection of major species and destination countries are based on data
4

availability and with highest export quantities. In addition, the log export restriction
policies from US Pacific Northwest and the major log exporting countries in the world
will be reviewed and the patterns of log exports from US Pacific Northwest will be
studied.
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CHAPTER II
PREVIOUS STUDIES
The forests of PNW witnessed considerable changes in market and policy
implications. The most significant and influential changes that forest sector witnessed in
recent years is the regulatory and policy changes worldwide that was intended to restrict
export of raw logs. The restrictions in export of logs was aimed to ensure sustainable
forest management, increase of value-added exports and to provide employment and raw
materials for domestic processing. These restriction policies had created debate among
different stakeholders regarding the impact of such policies. The debate raised several
issues and arguments for and against such policies.
2.1

Issues in log export ban
The debate on LEB had many issues. These issues were based on the position and

arguments from different stakeholders. Resosudarmo and Yusuf (2006) merged these
diverse issues into five major categories.
2.1.1

Resource based industrialization
Supporter of resource based industrial development argued that the selling of logs

only to domestic mills would induce a strong downstream forest based industry
development. Further, forest product processing downstream and export oriented
advancement could increase the value added products for export. Local processer would
6

not have to compete with foreign processer for log supply; as a result the low cost of logs
will help in expanding the scale of local mills. It is however questionable, if there was
significant shift in supply curve offsetting the deadweight loss in logging sector (Yusuf
2006).
2.1.2

Employment generation
Employment generation was another highly discussed issues related to LEB. It

was believed that more people can be employed in processing industries than logging
activities. Export of logs was represented as the export of employment. The decline in
price of log accompanied by an increase in value added products, create more
employment and demand for labor in forestry sector. This was explicitly mentioned
rationale for this type of regulations where commonly stated goal is to preserve the
employment in domestic wood processing mills (Yusuf 2006).
However, the reduction in logging industry also brings about the reduction in
employment. The increment of employment in processing sector brings about
unemployment in logging sector. In fact, the experience of LEB policies in various
countries suggests that the expansion of the processing industry employs fewer people
than are displaced through the contraction of the logging sector, which in the end
undermines this argument (Zhang 1996).
2.1.3

Environmental considerations
Environmental concern was gaining momentum as a rationale for LEB policy,

becoming one of the most important. LEB aims at preserving the existing resource form
overharvesting and improve forest condition for future generations. It was considered as
7

one of the best policy tool for addressing environmental externalities and policy tool
easy to apply (Yusuf 2006). It was believed that illegal harvesting of logs was merely in
responses to increasing demand from processing mill abroad, which are ready to pay
higher price for unprocessed logs than the local mills do (Yusuf 2006). LEB policy would
expect to decrease the deforestation as the lower log prices in domestic market would
eliminate to conduct such a risky operation.
However the theoretical literature on trade and environment does not support the
view that this policy can be used as second best policy tool for addressing externalities
(Yusuf 2006). Less efficient domestic wood processing mills would use more logs than
similar more efficient foreign wood processing mills (Yusuf 2006). The lower price of
logs in domestic market had encouraged substitution of wood for primary products; hence
there will be more demand of timber and increased pressure on forest (Yusuf 2006).
2.1.4

Increasing impact capacity
Developing countries believed that the export of high value added products

increases revenue and was the best strategy for economic development. LEB was
considered as best strategy since the processed wood has higher value than primary
products.
2.1.5

Fiscal implications
Higher value added products exports would generate more revenue for

government budget through higher tax earnings (Lane 1998, Kishor et al. 2004). It was
also expected that the implementation of LEB policy prevent tax evasion, which was
prevalent in many countries. Many governments put forward this rationale for
8

implementing LEB since many timber extraction enterprises were suspected of evading
tax from high export earnings.
2.2

Econometric studies
The exports of US logs are dominated by the market of Japan, and more recently

since 19080 from China. Many econometric studies were done to study the impact of log
export ban (LEB). The study from Hetemäki and Jari (1992), Michinaka et al. (2011),
Sarker (1993), Sarker (1996) and Yusuf and Edom (2007) are among few that studied the
impact of restriction policies.
Hetemäki and Jari (1992) studied the private non industrial timber supply. The
private nonindustrial timber supply was estimated along capital, labor and wood i.e. three
input demand function was predicted. Similarly Nanang (2010) predicted the export
demand for Ghana’s timber using six different explanatory variables namely world price,
income of importing countries, Ghana’s external debt, exchange rate, time related
variable and policy change. Dickey-Fuller unit root test and error correction model was
used to find the impact. The result showed that exchange rate and income were
significant with positive signs. The policy initiatives increased the exports of plywood
and veneer whereas decreased the supply of sawnwood. The study form Simangunsong
and Buongiorno (2001) compared different methods of estimating the demand equations
from global forest sector models. The elasticity was measured in nine groups of products
in 64 countries. Pooling by ordinary least square with country dummy variables was
found to be the most useful methods to predict the demand equation applicable to most
countries. Yusuf and Edom (2007) studied the factors that influence the export of Nigeria
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timber. Error correction model was used and the result shows the statistical significance
for roundwood and sawnwood.
Similar studies were done from Sarker (1996), where the author was focused on
the Canadian softwood lumber export. Johansen’s maximum likelihood co-integration
analysis was used to investigate the effects of five major excess demand side factors. The
results revealed that there existed only one long run equilibrium relationship among U.S.
lumber price, Canadian lumber exports, U.S. housing starts, U.S wage rate, U.S
disposable income and the exchange rate. Both short and long run elasticities were
estimated using error correction models.
The published literature is important to review the variables used in different
studies to study the impact of LEB. . The variables that are used in different studies are
the roundwood export volume, price of the exports, income of importing countries,
exchange rates, domestic consumption, policy change and time related variables. These
explanatory variables are used in previous studies to predict export demand function in
different combinations in Nanang (2010), Simangunsong and Buongiorno
(2001),Michinaka et al. (2011), Yusuf and Edom (2007).
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CHAPTER III
REGULATORY AND POLICY ENVIRONMENT
3.1
3.1.1

Overview of United States Pacific Northwest forestry sector
Roundwood export restriction policies of Pacific Northwest

Due to continuous demand of high quality timber, all the masts on the ships of
English, French and Spanish navies were made of American timbers by 1780-81 (Lane,
1998). The old growth forests of U.S. Pacific Northwest were recognized as a potential
asset by some industrialist (Lane, 1998) and development of ports and waterways boosted
the log export market. Forest regulations during early and mid-1900s were primarily
passive to discard the interference with the domestic market (Lane, 1998). It was after
World War II, North America realized that demand for timber by foreign countries could
be fulfilled by an abundant supply of North American timber. In the next 20 years
domestic timber demand continued to increase and the supply decreased. As a result,
introduction, or amendment of federal, state and provincial legislation began to provide
eminent and uniform basis for log export restrictions.
The growth in foreign demand from Japan for U.S. logs led to concern regarding
the domestic impact of log exports (Lane, 1998). Manufacturers urged the Departments
of Agriculture and the Interior to restrict exports concerning that unharnessed log export
policy would threaten the domestic timber processing industries in Pacific Northwest
(Lane, 1998). As a result on April 16, 1968, joint orders were issued from Secretaries of
11

Agriculture and the Interior restricting the harvest and export of timber from Forest
Service, U.S. Department of Agriculture, and Land Management, U.S. Department of the
Interior, lands in unprocessed form (Hines, 1987). Later the “Morse Amendment”, which
was an amendment to Foreign Assistance Act of 1968, effective from January 1, 1969,
extended the export restrictions to all states west of 100th meridian including Alaska and
distributed 350 mmbf allowable export quota among Oregon, Washington, and California
(Hines, 1987; Lane, 1998). This also prevented substitution of federal and nonfederal
timber for export (Daniels, 2005). A provision was attached by Congress to the
Department of the Interior and Related Agencies Appropriation Act (DoIRAAA) which
prohibited the export of unprocessed timber from federal land west of 100th meridian
(Daniels, 2005; Hines, 1987; Lane, 1998). This legislation which imposes a complete ban
on export of federal timber was more restrictive than those provisions in Morse
amendment (Daniels, 2005). This rider provided an actual direction to Secretaries to
legislate regulations that proscribe substitution (Lane, 1998). Later the Export
Administration Act of 1979 and related regulations imposed ban on western red cedar
and waney lumber from federal and state lands starting from late 1982 in the lower 48
States (Lane, 1998).
The ban on export of federally owned timber which was based on riders and
appropriation acts seemed to have provided sufficient domestic supply until the mid to
late 1980s when the recession occurred (Lane, 1998). This recession severely damaged
the forest industries. As a result, about 80% harvested raw logs on Washington State and
half of those harvested on Oregon State were exported without being processed in 1987
(Lane, 1998). As demand for logs was increasing, environmentalists were concerned
12

about wildlife habitat being harvested and exported overseas and small mills were
claiming that they face difficulties to compete against large firms and Japanese investors
(Lane, 1998). In response to sharply restricted timber supplies which follows with the
listing of the northern spotted owl as threatened, Forest Resources Conservation and
Shortage Relief Act (FRCSRA) was enacted (Daniels, 2005). Approved on August 20,
1990, and effective from January 1, 1991, the Forest Resources Conservation and
Shortage relief act banned in the export of log from all public land west of 100 W
longitude in lower 48 states (Lane, 1998). FRCSRA was the first federal attempt to
impose blanket restrictions on unprocessed timber harvested from Federal and State lands
(Lane, 1998). In addition to direct substitution, the blanket restriction also prohibited
indirect substitution. This act, however, allowed conditional log export allowance for
Washington State (25% of harvested timber) or States producing over 400 mmbf (Lane,
1998). Forest Resources Conservation and Shortage Relief Amendment Act of 1993 was
introduced on June 8, 1993, and signed into law on July 1 1993, which further removed
the export allowance. This act provided power to Governors to ban log exports and
directed Congress to enact restrictions if governors did not (Lane, 1998).
The listing of the northern spotted owl as “threatened” species and discussion for
few more years led to establishing protected areas for owl where timber harvesting would
not be allowed (Ferris, 2017). In April 1994, the Northwest Forest Plan was presented as
policy solution in response to the increased tension between industries and
environmentalists (Ferris, 2017). The plan became the foundation to conserve northern
owl on 24.4 million acres of federal land in Washington, Oregon and California
(Tuchmann & Connaughton, 1998).
13

3.1.2

Trends in roundwood exports
The United States has been engaged in trade of forest products from past and the

modern export was started from 1961. The major forest products exported from United
States and Pacific Northwest is roundwood. It accounts for more than 25% volume and
17% of total value of US forest products exports (Haynes). Majority of roundwood
exports from Pacific Northwest are softwood. Japan and China are the primary
destination of Pacific Northwest logs. Korea was also the major importer of US logs but
in recent years has reduced significantly. Figure 3.1 shows the trends of log exports from
Pacific Northwest and arriving at each major destination, Japan and China from 1980.
Figure 3.1 also indicates that after the intervention of log export restriction policies in
1990, export has been significantly reduced.
The export of roundwood has been increased from 1980 reaching peak in 1988,
where total export reached more than 3800 mmbf. Export to Japan has also peaked in mid
to late 1980s, reaching around 2500 mmbf in 1989. From figure we can conclude that the
export from USPN follows the trend of Japan. China has its peak in 1988, reaching
around 1100 mmbf, after which the export declined significantly, again gaining
momentum from 2011, where China imported around 1090 mmbf, which is significant
increase than compared to 2.4 mmbf in 1999.
3.2

Roundwood export restriction policies worldwide
Many countries worldwide have adopted roundwood restriction policies to ensure

value added exports and provide enough raw materials for domestic processing and local
use. The United States has adopted such policies in the response of rapid growth in export
14

of PNW logs to Japan. Japan and China being major importer of roundwood worldwide,
United States, Philippines, Indonesia, Malaysia, and Russia are the major exporter of
roundwood to Japan and China. Since 1960s, Southeast Asian countries are the key
players in the international forest products supplier market, especially in Japanese and
Korean markets. Wood exporting countries had taken turn with Philippines being top
exporter of timber in 1960s to middle of 1970s, then shifting towards Indonesia from
1970s and then towards Malaysia form 1980 (Tachibana 2000). Since late 1970s various
restrictive policies have been enforced to ban on log exports, in face to the deforestation
and timber processing mills (Tachibana 2000). Table 3.1 provides detail information
about the restriction policies that are prevalent in major exporting countries.

15

Figure 3.1

Total export from United States Pacific Northwest and respective export to
Japan and China
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Table 3.1

The indicative list of log export bans in various countries

Country
United
States

Status
1990 to present

Canada

1906 to present

Indonesia

1980 to 1992
1992 to 1998
2001 to present
Philippines 1986 to present

17
Malaysia

1972 to present

Ghana

1979 to present

Brazil

1969 to present

Russia

1999 to present

Restriction Policies
Ban on log export from federal land west of 100 meridian except
where timber is surplus to domestic needs; ban on log exports from
state and other public lands from FRCSRA amendment
Restrictions on log export from British Columbia; variety of
provincial and federal regulations for log export
First initiated in 1980;revoked in 1992 and replaced by prohibited
tariff; Implemented for second time in 2001; lifted ban for
plantation logs currently
First ban on 1986 and announced that no further licenses would be
issued in 1987; in 1992 enforced logging ban on all remaining
primary forest; lifted ban in some states in 2005 to address local
demand; moratorium on harvest and felling in all natural and
residual forest in entire country in 2011Hammond (1997)
Peninsular Malaysia started partly ban on 1972 and completely ban
on 1985; Sabah impose ban from 1993 to 1996; log export quotas
since 1992 in Sarawak; export ban on rubber wood from 2017
In 1979,14 timber species including redwood was banned for
export; increased to 18 in 1989; and complete log export ban was
imposed in 1995
Log export ban to enhance domestic processing capacity; logs from
natural forest have been banned to export from 1996; plantation
logs from teak and treated softwood are still exported
Export tax for beach, oak and ash and licensing; increase in export
tax in softwood roundwood from 6.5% export value to 80% in 2009

Source
FRCSRA (2003)
Daniels (2005)
Shinn (1993)
Kishor et al. (2004)
APEC (2000), ITTO
(2017)
Kishor et al. (2004)
Hammond (1997)
(Bugayong (2006))
OP (2011)
Tachibana (2000)
Fry (2011)
Yun (2017)
Nanang (2010)
Amoah et al. (2009)
Kishor et al. (2004)
Brazil (2013)
Turner et al. (2008)
APEC (2000)

Table 3.1 (continued)
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New
Zealand

1993 to present

Costa Rica

1986 to present

Cameroon

1999 to present

Papua
New
Guinea
Vietnam

1990 to present

Cambodia

1996 to present

1992 to present

Amendments of forestry act of 1949 in 1993 and 2004 bans on the
export of indigenous timber, logs and woodchips from natural
forest; restrict harvest to forest with approved management plan
Log export ban from May 1986 and further law passed in 1996
which extend ban for an unspecified period of time; ban on export
of roughly squared wood for some species
The shape of log export restrictions is in shape of progressive
increase in share of annual cutting going to local processing
Ban on export of logs for selected species since 1990; export quotas
and replaced by export duties since 1994; logs can be exported from
concession before 2010; after 2010 ban on export from concession
Ban on export of logs and sawn timber harvested from natural
forests; ban on harvesting from natural forest
Since 1996, there is complete ban on export of logs and rough
timber which is followed by logging ban within Permanent Forest
Estate in 2002.

Resosudarmo and Yusuf
(2006)
MPI (2016)
Kishor et al. (2004)
Kishor et al. (2001)
Kishor et al. (2004)
Resosudarmo and Yusuf
(2006)
Kishor et al. (2004)
(GFC 2016)
Brown et al. (2001)
Fry (2011)
Fry (2011)
CFL (2003)

CHAPTER IV
METHODS AND MATERIALS
4.1

Data
The study uses annual trade data from US Pacific Northwest ranging from 1980 to

2014. Variable description, data sources and their respective units are presented in Table
4.1.
4.1.1

Commodities selection and time period
Roundwood is major forest product exported from US Pacific Northwest. The

roundwood export restriction policies have significant impact on export-led forest
product development. So selection of roundwood was based on major objectives of this
study. Time period has been selected based on the availability of data and to capture the
restriction policies of 1990, 1993 and the great recession of 2008.
Douglas fir, Port-Orford cedar, western hemlock are the major species to be
exported from Pacific Northwest. Based on availability of data, Douglas fir and western
hemlock were selected for further analysis as a separate variables. Another reason was
the decrease in export quantity of Port-Orford Cedar from 1990s and almost null in recent
years. Similarly among major countries that import Pacific Northwest roundwood, Japan
and China are selected for further analysis.
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4.1.2

US Pacific Northwest export quantities and prices
US Forest Service, Pacific Northwest Research Station has well-maintained

export data of roundwood from US Pacific Northwest. The yearly data for roundwood
export are obtained from Pacific Northwest Research Station and various publications
from USDA prepared by Zhou (2013) and Zhou (2018). Price of exported roundwood
was prepared form dividing export quantity and value as in Sun and Zhang (2003). PNW
export data contains the aggregated data of softwood and hardwood export from
Washington, Oregon and State of California. Price variable is prepared as export quantity
led weighted price of softwood and hardwood.
Quantities and price for major species like Douglas Fir and Western Hemlock was
prepared on same basis. Likewise data for export quantities and price for major importer
of Pacific Northwest roundwood, Japan and China are constructed. All prices is
converted to real price using Consumer Price Index (2014=100) from World Bank. All
prices are converted to base price of 2014.
4.1.3

Competitor price
Competitor price is world export price excluding United States. It is prepared

dividing world export value (excluding US) by world export quantity ( excluding US).
Data for world export quantity and world export value was obtained from FAOSTAT
(2017). Price was converted into real price by using average annual inflation rate from
1980 to 2014 from data available from World Economic Outlook, International Monetary
Fund (IMF 2018).
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4.1.4

Income and exchange rate
Income and exchange rate variables are the trade value weighted average of the

real gross domestic product (GDP) and exchange rate relative to US dollar respectively.
Data for both the variables are collected from World Bank (2017) and the series is
constructed based on the trade values of Japan and China as these are the major importer
of PNW roundwood. For Western Hemlock the trade value also includes, Korea, since
Korea is among the major importer of western hemlock.
4.2

Theoretical export demand equation
Reduced form equation that has elements of both demand and supply was

estimated for total export from Pacific Northwest, export of major species, and export to
major destination countries. The variables are chosen taking account of different factors
that affects the trade of roundwood exports. Different literatures published to study the
export demand function and import demand equation were considered for selection of
variables. The variables chosen to define the model are the roundwood export volume,
price of the exports, competitor’s price, income of importing countries, exchange rates
and time related variables. The explanatory variables that are used here were used in
previous studies to predict export demand function in different combinations, (Wibe
1984, Sarker 1993, 1996, Simangunsong and Buongiorno 2001, Yusuf and Edom 2007,
Nanang 2010, Parajuli and Zhang 2016).
The equation for PNW exports for roundwood was specified as,
EXQt= f (PRt, COMPt, INCt, ERt, V)
where,
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(1)

EXQt= Annual export quantity of roundwood in year t
PRt= Price of roundwood export in year t
COMPt = Competitors Price in year t also known as world export prices
INCt= Income of importing countries in year t
ERt= Exchange rate in year t
V= time related dummy variables used to measure the impact of roundwood export
restriction policies
According to economic theory, the demand of a commodity and price associated
with it has negative correlation. Higher price for US timber would reduce the quantity of
export volume exported from the USA. It may encourage the efficient processing in
domestic countries (Nanang 2010). Competitor’s price variable is introduced as a
determinant of US roundwood exports. Competitor’s price is the alternative price faced
by importers of roundwood (Sun and Zhang 2003). It is expected to have positive
association with export demand of US roundwood and the increase in price from
competitor countries would increase the demand of US roundwood. Another major
determinant of export demand is the income of importing countries. The higher income of
exporting countries implies the greater demand for the US timber. The coefficient of
income is expected to be positive and the increase in income, measured as real gross
domestic product of major importing countries is expected to increase in import of US
roundwood. The exchange rate variable is used to find the impact of exchange rate on the
export demand of US logs. Everything remaining the same, the weakening of US dollar
will make the timber product more competitive on the world market and the demand is
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increased thereafter. This concept has been the basis of devaluation of currencies in most
developing countries (Nanang 2010). The exploitation of forest resources and
deforestation in the world will likely decrease the competitiveness and demand for wood
and hence the expected sign for time related dummy variable is negative. On other aspect,
the recent concern on more carbon neural sources like wood due to the concern of climate
change and the change in science and technology may result in the positive sign on the
time related variable. Thus the effect of time related variables cannot be predicted prior
(Nanang 2010). However, time related dummy variables are associated with roundwood
export restriction policies, so the effects of trade policies are expected to be negative.
Recession related dummy variable is expected to have similar impact as trade policy
related variables.
Based on economic principles and arguments presented in previous studies from
(Nanang 2010, Baek 2012, Parajuli and Chang 2015) and discussion above, the expected
signs of first order partial derivative is presented in equation 2.

EXQt
EXQt
EXQt
EXQt
 0,
 0,
 0,
0
PRt
COMPt
INCt
ERt
4.3

(2)

Econometric methods
Appropriate econometric techniques should be used to analyze time series data.

Analysis of export demand function requires an up to date time series econometrics
methods which contains economic variables. In the past the way of dealing with time
series data was differencing and other transformations like seasonal adjustment to
transform the variables into stationary and then analyzing the given time series as vector
autoregressions. Cointegration and error correction model are more recent techniques to
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deal with such data. We use cointegration and multivariate vector error correction model
to estimate our export demand model as in equation (3). The five variables system of
equation can be presented in reduced form of p-dimensional unrestricted vector error
correction model as,

Yt   ik11 i Yt i  Yt 1     Dt   t

(3)

Where  is the first difference notation, i   j i 1  j and   (i 1 i  I ) are
k

k

coefficients of matrices with dimension of p  q ,  refers to p1 vector of constant
terms, Dt represents p  q deterministic dummy terms, k is the lag length, and  t
denotes the vector of IID errors (0, ) . Yt is the (5 1) vector of variables that enter to the
demand function as in equation (4),

Yt  [EXQ, PR, COMP, INC, EXR]'

t  1980,1981,....,2014

(4)

 denotes the matrix of long run coefficients and  is the short run coefficients
of process. Selection of Optimum Lag length k is an important and crucial part to correct
serial autocorrelation, heteroscedasticity, and deviation of error correction term (Johansen
1995).
The estimation process for vector error correction model has a system of process
beginning with unit root test. First each of the individual time series data is tested for the
presence of unit root. Augmented Dickey-Fuller unit root test (Dickey & Fuller, 1979) is
used to test for the stationary in the data series. The Akakine information criterion was
used to select the lag length in Augmented Dickey Fuller test. The data series ranges from
1980 to 2014. We assume that the structural break might have occurred in export market.
Any endogenous undetected structural break in time series data might results in the under
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rejection of unit root test, since Perron (1989) pointed the fact that the presence of
possible structural break might affect the power of unit root test. Thus the Zivot-Andrews
unit root test (Zivot & Andrews, 2002) was used to find any possible structural break in
unit root test along with Augmented Dickey fuller test. This test allows the structural
break in both trend and intercept with one endogenous break point.
Once the unit root test is done, another necessary step in time series data analysis
is the test for cointegration. Johansen maximum likelihood procedure (Johansen, 1988) is
the most common test to test for cointegration among variables. This test is also
considered superior as this test overcomes the shortcomings of Engle-Granger test.
Johansen (2000) test was used since the Johansen trace and maximum eigenvalue test is
not valid in the presence of structural break (Johansen, Mosconi, & Nielsen, 2000). The
structural break point is identified and the model specification, which incorporates break
in both intercept and linear trend, was used while conducting a cointegration test. Once
the variables are found to be cointegrated, and number of cointegrating vector (n) is
identified, we can estimate equation (1) under the vector error correction model
framework. Both the long run estimates and short run adjustments are simultaneously
estimated under the framework. To estimate the export demand equation, we need at least
one cointegrating vector. All the models are normalized to export quantity, to predict the
export demand function as specified in equation (1).
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Table 4.1

Description of variables under study

Variables Description
EXQt
Quantity of roundwood exported from
Pacific Northwest, species and to
destination countries
PRt
Price of roundwood price exported from
Pacific Northwest

Unit
Million
board feet
(mmbf)
$/mbf

COMPt

$/mbf

Aggregate price of roundwood export
from world excluding price from United
States
INCt
Trade value weighted income of major
roundwood importing countries from
PNW
EXRt
Trade value weighted exchange rate of
major countries that import roundwood
from PNW
td93
PNW federal timber harvest reduction
and Forest Resource Conservatio and
Shortage Relief Act first Amendment
FRCSRA Forest Resource Consevatio and
Shortage Relief Act
REC
Great financial crisis of 2008
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Billion $

Sources
USDA (2014)
Zhou (2013),
Zhou (2018)
Zhou (2013),
Zhou (2018)
FAOSTAT
(2017)
Data (2017)
Data (2017)

0 or 1

1 if year >1993,
0 otherwise

0 or 1

1 if year >1990,
0 otherwise
1 for 2007-2009,
0 otherewise

0 or 1

CHAPTER V
RESULTS
Unit root test is important to determine if there is cointegration in time series.
Time series for total exports from USPN, species and destination countries were tested
for unit root. ADF unit root test along with Zivot-Andrews unit root were employed.
Table 5.1 represents the unit root test of all variables in all models. Augmented Dickey
Fuller unit root test suggests that the null hypothesis of unit roots cannot be rejected in all
variables at levels. However, the rest results suggests that all variables are stationary at
first differenced at 5% but the income variable for export to China is stationary at 10%
significance level. Therefore all variables are I(1). Further, the results for Zivot-Andrews
test shows that all variables are nonstationary except exchange rate for China. The test
indicates that the exchange rate variable for China is stationary at levels at 5%. All
variable are significant at 5% and the exchange rate for Japan was significant at 10%.
Inclusion of some stationary variables in the system of I(1) variables does not prevent
estimation of cointegration rank (Parajuli & Chang, 2015; Toppinen, 1998), thus all five
variables were used for cointegration analysis.
Zivot Andrews test suggests different endogenous break for different variables. It
suggests that the endogenous break point for total export, price, and competitor’s price
are early 1990s. Northern Spotted owl was listed as a threatened species in 1990 (Murray
& Wear, 1998) and to protect habitat of this owl, federal government significantly
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reduced the harvest of timber from Pacific Northwest after 1993 timber summit (Parajuli
& Chang, 2015). Likewise Forest Resource Conservation and Shortage Relief Act have
its first Amendment in 1993 which has legalized the roundwood export restriction
policies. It is a common practice to select exogenous break point which is supported by
market change or policy events. Parajuli and Chang (2015) selected 1993 as a structural
break point in their study of softwood sawtimber stumpage market in Louisiana.
Similarly in the softwood lumber market, Baek (2006) selected January 1992 as a break
point to address this policy change. To capture these policy change, year 1993 was
selected as structural break and is considered in this study. In addition to this policy
change, FRCSRA of 1990, which is the first federal attempt to impose restriction on
unprocessed timber and the great financial crisis of 2007-2009 was considered in this
study. These two events were included in the export demand equation as separate dummy
variables.
The modified cointegration test from Johansen et al. (2000) was applied to find
the number of cointegrating vector among all variables in the presence of structural break
point in 1993. Johansen modified the cointegration test that allows for break in intercept
only Hc (r ) and intercept and trend H1 (r ) model. In this study H1 (r ) model is taken into
consideration to test for cointegration. It is assumed that the Pacific Northwest harvest
reduction and FRCSRA affect the export demand of roundwood from Pacific Northwest.
The equation (3) is modified according to Joyeux (2001) as,
'

k 1
k 1 q
   Y 
Yt      t 1    Dt k   i Yt i   kj, iI j ,t 1   t
i 1
i 0 j  2
    tDt k 

where
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(5)

1
D j ,t  k  
0

1
I j ,k  
0

for Tj 1  k  1  t  T j  k
otherwise

for j  2,....., q

for t  1994
otherwise

Three-lag VAR model for total exports from United States Pacific Northwest and
two-lag VAR model for species and destination countries are sufficient to correct residual
autocorrelation. Johansen et al. (2000) test was performed on JMulti software, which
reports the test statistics and critical values associated with the test. Joyeux (2001) has
described the procedure for cointegration and VEC estimation in presence of structural
break. Giles (2011) has provided example about the methodology to implement Johansen
test. Table 5.2 is the cointegration test in the presence of structural break which includes
test statistics and 5% critical values. All variables are cointegrated of some order, as the
null hypothesis of no cointegration is rejected for all models at 5% significance level. The
test result suggests three distinct cointegration for total export from USPN, Douglas fir
and China. Likewise two distinct cointegration vectors were identified in Western
Hemlock and export demand of Japan. The test identifies the long run cointegrating
vector among variables, suggesting we can estimate export demand of US Pacific
Northwest as in equation (1).
Providing different cointegration vector among variables in all models, the first
cointegration vector ( 1 ) is the export demand equation of roundwood. We estimate
equation (5) under the framework of VEC model. Trend breaks deterministic term (td93
which is trend Dt k ), which controls the effect of structural break was incorporated in
the system following the methods of Joyeux (2001). In the matrix form,
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 1   1

21 31 41 51 61 

(6)

When we normalize the cointegration vector on export demand variable, we can
read the parameter estimates. As all the variables are log transformed, we can directly
read the elasticity value from table. Table 5.3 is the estimation of long run cointegration
equation. All the coefficients and elasticity estimates of Price, Competitors’ Price,
Income and Exchange rate had the theoretically expected sign and are significant at 5%
level. The significant and negative trend break term validate the intuition of structural
break in 1993 associated to harvest reduction due to spotted owl protection measures and
first amendment of FRCSRA.
The total export from United States PNW, western hemlock and Japan are price
elastic, whereas, Douglas fir and China are price inelastic. A 1% increase in roundwood
price of USPN decreases export by 2.94% and by 2.90% in Western Hemlock. Similarly
the export is decreased by 0.56% and 0.16% respectively in Douglas fir and China with
the unit rise in export price. It is quite interesting result that the price associated to Japan
has positive relation with export quantities. Likewise all other determinants like
competitors’ price, income and exchange rate has positive impact on roundwood exports.
All these determinants have values of 1.74, 1.42, 1.05 respectively for USPN and 0.66,
2.92, 1.80 respectively for Douglas fir, 2.78, 1.42, 0.22 respectively for Western
Hemlock, 0.40, 1.48, 1.36 respectively for Japan and 3.31, 5.87, 2.28 respectively for
China. The structural break of 1993 associated with harvest reduction due to spotted owl
and FRCSRA first amendment is significant and negative providing evidence of policy
change has significant negative impact on roundwood exports. It is significant and
negative for all models and has values of -0.05, -0.086, -0.08, -0.027, -0.28 respectively
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for USPN, Douglas fir, Western Hemlock, Japan and China respectively, but the
estimated magnitude is small.
Vector error correction model also produces the estimates of  matrix and error
correction (ECM,  ), besides the estimation of long run coefficients. The speed of
adjustment of each variable to a shock in long run is measured by ECM coefficients.
When the system of long run is in equilibrium, the parameter of ECM is zero and nonzero otherwise and the coefficient of  represents the short run parameters. Therefore the
estimate gives information about how much previous years disequilibrium is corrected
next year. We are only interested on the equation of EXQ , the first row of  , which
define the export quantity as dependent variable. Table 5.4 represents the estimates of
short run parameters, ECM and dummy variables. The ECT1 is significant and negative in
United States Pacific Northwest, Douglas fir and China. For United States Pacific
Northwest, about 92% of the long run equilibrium is corrected following year and about
50% is corrected next year for Douglas fir. The coefficient for China is negative and
significant with value of -1.07, which indicates it needs more than a year to correct any
disequilibrium on long run.
The dummy variables related to restriction policies and financial crisis of 2008 are
found to be statistically significant with expected sign. The FRCSRA had significant
negative impact on total export of roundwood from USPN with the magnitude of 0.58.
Both the Act and financial crisis had significant negative impact on the total export of
Douglas fir with the magnitude of 0.35 and 0.21 respectively. But, the financial crisis has
significant positive impact on total export of Western Hemlock with the magnitude of
0.80. Likewise, the harvest reduction and first amendment of Act has significant negative
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impact on total export to Japan and China. In sum we can conclude that the roundwood
restriction policies have significant negative impact on the total export from Pacific
Northwest.
All models were tested for autocorrelation, heteroscedasticity, and multivariate
normality. The p value associated with each model and R2 has been presented in table
5.4. Normality test was done using Jarque-Bera test for skewness and excess of Kurtosis
(Jarque & Bera, 1987). As serial correlation is unwanted in any models, serial
autocorrelation was tested using Portmanteau test. The test fails to reject the null
hypothesis of no serial correlation for all models. Similarly ARCH model was used to test
for multivariate heteroscedasticity (Kolo & Tzanova, 2017; Lütkepohl, 2005). Finding of
no heteroscedasticity means that the residuals are distributed in the same part of plot. It
does not reject the null hypothesis of homoscedasticity.
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Table 5.1

Results of unit root test for all models

Variables

ADF Test
Levels
Differenced
ADF
ADF

Zivot-Andrew Test
Levels
Zandrews

Break

Differenced
Zandrews

Break

USPN
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EXQt
PRt
COMPt
INCt
EXRt
Douglas Fir
EXQt
PRt
COMPt
INCt
EXRt
Western Hemlock
EXQt
PRt
COMPt
INCt
EXRt

-0.348
-0.356
-0.515
1.88
-1.17

-3.35*
-4.07*
-3.62*
-2.89*
-3.86*

-2.59
-4.08
-4.05
-3.18
-3.74

1996
1991
1996
1995
2009

-6.91*
-6.22*
-6.25*
-4.96**
-6.22*

1988
1992
1989
1994
2008

-0.328
-0.31
-0.51
1.75
-1.01

-3.69*
-3.42*
-3.62*
-3.00*
-4.03*

-2.86
-3.80
-4.05
-3.62
-3.55

1996
1996
1996
1995
2009

-8.56*
-5.75*
-6.25*
-4.78
-6.43*

1995
1992
1989
1994
2008

-0.41
-0.52
-0.51
0.93
-0.26

-3.23*
-4.78*
-3.62*
-2.85*
-2.86*

-2.85
-4.48
-4.05
-2.74
-3.15

1997
1997
1996
2001
2000

-10.88*
-8.54*
-6.25*
-8.12*
-8.68*

2005
1993
1989
2008
2008

Table 5.1 (continued)
Japan
EXQt
PRt
COMPt
INCt
EXRt

-1.69
-0.20
-0.515
1.19
-0.93

-3.09*
-3.60*
-3.62*
-3.21*
-4.11*

-3.16
-4.01
-4.42
-3.18
-4.09

1996
1996
1985
1995
1985

-7.82*
-5.50*
-6.25*
-5.086*
-4.86**

1988
1992
1989
1987
1986

China
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EXQt
-0.315
-3.71*
-4.05
2002
-5.54*
1998
PRt
-0.405
-3.40*
-3.97
2002
-7.32*
2006
COMPt
-0.515
-3.62*
-4.05
1996
-6.25*
1989
INCt
1.83
-1.82**
-3.99
1995
-4.69
1992
EXRt
0.60
-2.83*
-6.23*
1993
*Significance level: *,p<0.05, ** p<0.1
*The critical values for ADF test at 1%, 5%, and 10% significance are -2.62, -1.95, -1.61 respectively
*Zivot-Andrews unit root test allowing for one structural break in both trend and intercept. The critical values for Zandrews test at
1%, 5%, and 10% significance are -5.57, -5.08, and -4.82 respectively

Table 5.2

Johansen cointegration test in the presence of structural break

Hypothesis

Likelihood Ratio Statistics

H0

USPN

H1

Douglas

Western

Fir

Hemlock

Japan

China

5% critical
value

n=0

n=>0

201.07*

174.00*

149.83*

174.84*

154.84*

113.01

n=1

n=>1

110.37*

117.17*

88.57*

90.67*

104.56*

83.78

n=2

n=>2

63.26*

68.90*

53.56

55.47

61.74*

58.49

n=3

n=>3

28.68

33.16

29.55

26.06

33.31

36.91

n=4

n=>4

10.48

15.95

11.19

10.65

14.04

18.70

* Significance level: *,p<0.05
*It is common to select structural break supported by actual event and policy changes.
1993 was selected as structural break regime to capture Forest Resource Conservation
Shortage Relief Act (FRCSRA) First Amendment and timber harvest reduction due to
spotted owl.
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Table 5.3

Estimation of cointegration vector normalized to export quantity
USPN
Variables

Douglas Fir

Western Hemlock

Japan

China

Coefficient
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Export quantity (EXQt)

1

1

1

1

1

Price (PRt)

2.94(0.082)*

0.56(0.20)*

2.90(0.31)*

-1.36(0.16)*

0.16(0.20)

Competitors Price (COMPt)

-1.74(0.068)*

-0.66(0.18)*

-2.78(0.21)*

-0.40(0.15)*

-3.31(0.46)*

Income (INCt)

-1.42(0.08)*

-2.92(0.26)*

-1.42(0.14)*

-1.47(0.63)*

-5.87(0.24)*

Exchange rate (EXRt)

-1.05(0.074)*

-1.80(0.25)*

-0.22(0.17)

-1.36(0.89)

-2.28(0.33)*

Structural break (td93)

0.05(0.002)*

0.086(0.005)*

0.08(0.005)*

0.027(0.004)*

0.28(0.01)*

Constant

-1.93

23.68

1.76

23.13

56.68

*Significance level: *,p<0.05
*Numbers in parentheses are the standard error associated with the coefficients
Note: The VECM analysis includes FRCSRA and REC to capture the transitory effects. Long run cointegration equation excludes
those variables. VEC process exclude the inclusion of dummy variables, although, these variables affects the long run significantly.

Table 5.4

Vector error correction model of export quantity
USPN

Dougls Fir

Western Hemlock

Japan

China
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Coef

se

Coef

se

Coef

Se

Coef

se

Coef

se

ECT1

-0.92*

0.26

-0.50*

0.14

-0.43

0.32

-0.05

0.07

-1.07*

0.19

ECT2

-1.24*

0.42

-0.14

0.16

-2.44

1.42

0.10

0.09

-1.86*

0.66

ECT3

0.81

0.26

0.45*

0.16

-

-

-

-

0.99

0.84

FRCSRA

-0.58*

0.14

-0.35*

0.09

-0.26

0.22

-0.63

0.04

-0.02

0.59

REC

-0.07

0.16

-0.21**

0.12

0.80*

0.28

-0.009

0.07

-0.03

0.43

EXQL(-1)

-0.76*

0.35

-0.12

0.23

-0.17

0.22

0.01

0.17

0.41*

0.16

PRL(-1)

-0.24

0.54

-0.44

0.44

1.28

0.93

-0.25

0.27

1.22**

0.70

COMPL(-

0.39

0.52

0.03

0.36

-2.40**

0.29

-0.21

0.24

-0.14

1.26

INCL(-1)

-0.54

0.47

0.73*

0.32

0.60

0.50

1.79**

1.00

-4.20

2.06

EXRL(-1)

-0.44

0.27

0.10

0.25

0.008

0.48

1.08

0.95

2.29

1.62

Td93(-1)

0.002

0.01

-0.009

0.01

0.005

0.02

-0.01**

0.007

0.06**

0.03

1)

Table 5.4 (continued)
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EXQL(-2)

-0.82*

0.34

PR(-2)

0.39

0.48

-

-

-

-

-

-

-

-

COMP(-2) 0.11

0.48

-

-

-

-

-

-

-

-

INC(-2)

-0.25

0.47

-

-

-

-

-

-

-

-

EXR(-2)

-0.07

0.34

-

-

-

-

-

-

-

-

Td93(-2)

-0.001

0.01

-

-

-

-

-

-

-

-

R2

0.72

0.65

0.58

0.61

0.74

Port

0.76

1

0.93

1

0.98

ARCH

1

1

1

1

1

Norm

0.94

0.58

0.00

0.00

0.34

(1) *Significance level: *,p<0.05, ** p<0.1, Numbers in parentheses are the standard error associated with the coefficients. (2) Port
(Portmanteau test) for autocorrelation. ARCH model to test for multivariate heteroscedasticity. Norm is the Jarque-Bera test for
skewness and excess of kurtosis of residuals.
*Other deterministic terms like i2 and i2t-1 are not reported here.

CHAPTER VI
DISCUSSION AND CONCLUSIONS
The results provide information about the determinants of roundwood exports
from Pacific Northwest. The behavior of the coefficients and the magnitude of
explanatory variables and the elasticity associated with it are important factors to look
insight into the timber market and in addition are very important in future endeavor for
planning and prediction of timber market. The results presented here can be used by
PNW forest sector policy makers to understand the current export scenarios from PNW
market and the underlying determinants to the export led market. The export demand can
be used for the future prediction of forest product market of PNW. It is quite important to
have a look at policy implementation and their impacts on timber trade, so that strategic
planning for the betterment of export led forest based industries is possible.
The domestic as well as external factors have been determined to affect the export
demand of PNW. In the domestic forestry sector, policy changes in different time frame
that has significant impact on timber supply, harvest reduction for habitat restoration and
the value of local currency all have important role to determine demand of PNW
roundwood exports. The income of importing countries and the world prices plays an
important role that affects significantly on the determinants of export value. The export
demand is also affected by the export price of countries exporting timber to world
market.
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The price is statistically significant in all models whereas it is elastic in United
States Pacific Northwest, Western Hemlock and Japan. The elasticity in Pacific
Northwest and Western Hemlock indicated that the positive increment in price has
negative impact on total export of roundwood. Similar results are obtained in different
previous studies. Nanang (2010) found that the price is moderately elastic in sawnwood
and plywood export with negative significant relation. Similarly, price is elastic in log
export in the study of exchange rate volatility on United States forest commodities export
from Sun and Zhang (2003). The elasticity is positive in roundwood export to Japan
suggesting that Japan consumes more Pacific Northwest roundwood as the price
increases rather than shifting to other substitute products. This finding shows that no
matter how much prices increase, Japan favors to import roundwood from Pacific
Northwest. Daniels (2005) pointed out few reasons about the preferences of Pacific
Northwest logs from Japan. The weak profitability of Japanese domestic forest sector,
trends and efficiency in Japan’s sawmilling capacity, economic growth and preference of
consumers for wooden homes are among few reasons. The preference of light-colored,
defect free logs with high ring count from Japan is among other reasons to import PNW
softwood rather than the softwood from other areas. Price is significant but inelastic in
Douglas fir.
The positive and significant competitors’ price variable in all models suggests that
the increment in worldwide price has positive impact on roundwood export. As the world
price increases, the export from USPN increases as well. The export of both species and
export to both countries increases in response to increased price worldwide. This suggests
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that the increased price worldwide is a determining factor that led to increase exports
from PNW.
The result on income as measured by gross domestic product (GDP) variable in
the long run shows that the income is an important in determining export from PNW. As
the income of importing countries increases, demand of timber also increases, is
consistent with the economic principle. (Sarker (1996), Nanang (2010)) found that the
income is significant factor determining the timber exported. GDP is an indicator
economic activities of any country, hence increase in GDP is an indicator of more capital
has been invested and more of a demand of any products. Similarly Limaei et al. (2011)
also found that GDP is influential in export of timber products, but, has not found any
significant impact of GDP in import.
The result of exchange rate has come through some mixed results in various
studies. In this study the exchange rate has been positively associated with export
quantity in demand function. The fall in currency of importing countries relative to dollar
may act to counter the real price increases in timber products. Similar results were
obtained in study fromNanang (2010) where the author suggests that the real price
increase in world market followed by devaluation of currency could make the real price
unchanged or even lower, as a result the demand increases. The findings was also
supported from studies from Yusuf and Edom (2007), Hietala et al. (2012), where the
exchange rate has significant positive impact on export quantity. Similarly the study from
Wisdom and Granskog (2003), Bolkesjø and Buongiorno (2006) found negative impact
of exchange rate on export quantity.
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The major objective of reducing export of unprocessed roundwood is however
successful but we need to carry out other studies to ensure that the ban has increased the
export of value added products and has significant positive impact on local economic
development. Japan is the major consumer of roundwood from United States and the
decline in export may impact the export led forest product market as the reduced export
may cause the Japanese to reduce the consumption or seek other suppliers to fulfill their
demand for roundwood.
The structural break of 1993 associated to harvest reduction from Pacific
Northwest due to spotted owl and Forest Resource Conservation and Shortage Relief Act
(FRCSRA) first amendment has found to have significant negative impact in all models.
After the listing of northern spotted owl as endangered species, there was reduction in
harvest of old growth trees to provide habitat for the species. To ensure the log export
ban and reduce substitution, Forest Resources Conservation and Shortage Relief Act was
first amended in 1993. These harvest and export restriction policies have significant
negative impact on the export of roundwood. The result is however different from
Parajuli and Chang (2015) where the structural break associated with timber reduction in
1993 has positive effect on Louisiana sawntimber and the study finds the negative effect
of these policies on export demand equation. Similarly the coefficient for great recession
was negative for export form Pacific Northwest, Douglas fir, Japan and China and only
significant in Douglas fir whereas, the great recession of 2008 was found to have
benefited the export of Western Hemlock.
More availability of processed timber for domestic market is possible due to
export reduction. However, in long run decreased external demand for forest product
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would reduce stumpage value, which in turn may decrease the intent to invest in forest
processing and sustainable forest management (Nanang 2010). The increased price facing
by importing countries may result in reduction in import of forest product and seek on
alternate market to fulfill demand. Overall this situation may lead to inefficient export led
forest product market.
From study we can conclude that all variables under study like price,
competitors’ price, income of importing countries and exchange rate are found to be the
determinants of export demand of United States Pacific Northwest roundwood export
with the expected sign. The increased price has negative impact on roundwood export
whereas the competitors’ price, income and exchange rate has positive impact on
roundwood export. The policy related dummy variables like the FRCSRA of 1990, its
first amendment, harvest reduction due to spotted owl in 1993 and the great recession of
2008 have the negative impact on export demand of roundwood export from United
States Pacific Northwest.
Although the study shows that the current restriction policies aiming at increasing
value added processing seems to have been achieving their objective in export sector. The
policies that encourage domestic processing should be encouraged to achieve desired
objectives. Yearly data were used here for analysis, if we can use quarterly data for
analysis the analysis would be more accurate. The analysis of export demand of domestic
market to study if the domestic processing has significantly increased due to export
restriction policies is necessary for more accurate predictions.
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